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clLL'ferent . ' . ' j.ll[;.•.l zero ·.oint ener.=;y o:~' soli-. -'cliu1.1 i .s 

cn.u;::;c of t l!~J small interatomi c forces a nd snall . .._·c. o:.l~.c n ... 

of helilu:l o.t ol·:J ;:;, the crystals of solid heliur.l o.::.'e v.n.st...:. 

under their onn UndeJ.."' 

'":~ r>. t::w ;:; ·;J.lcres, the reduction in volur.lO orin.::_;::; th::; :.c0:1,... . ., 

ficiently close to all o·.J t he iJ..'"' fields of foi•ce to in~0:..' 

etro.te and form o. cryst '1J. line solid . This ;:;ol id ~ ·.'ob·b· :I 

8 1C Cifi c -.JOJ.lE18 CJl:ll1[;8 i n [;Oinc fl' OJ~l <l li .~u id ~0 

pl'cl.ct icc.lJ.y ZCI'O, :1nd. the d iffcT·cncc botueen ·cl.w s 'e c i~ic 

vol1E.1e s is constant bolo1.1 1. 7e lc . 

ercy of the solid i:::: lQrc;er than t 11o.t of t:1.e lj.'"'_;_uid :.t 

setJ'l1C tenper<•.tura . Tl1us, s ince little Ol' no 1-~tCj_l·, · - . 

l 



, 
'I~ 1 ~ :1) ,-, .L·-. 01'"' l• ··lVC "'.L ~I ,.._,., ~- 0 1.., '"' ..!.. ' 
.l .. A ..... I V l. LJIJ -\_;, L . • l.J -II.J• 

J.lo·."icver , h avo been 1-:1adc of the vcl. o c i t:/· of sound in ::;oJ. i d 

he liu1:1. 

n.nd pi'esstn'c is required if t~.1c c onpi'cs ~ ibilicy in to be 

r11,1 C C1 C'"' l• r·1 r-n ·' C 0~1 ..,J . . ,ll C·'·l·· 0"1 .l t. •J - v.l .. . .l • ..., v .L v J. 

effort i n t h is study . 

'} ,_ 



ture a nd Y' ~ ... c :JS11I'.J for ton})or.::.turo s 1J o t vroen one 8.nd f our 

i :;J. tl1roo C0!.1.V -: n :i_o :,1t c :r•oup:J for ) UI':p oses of description. 

~'hey a r e t ho f olJ.o\rin£3 ~ h ich pr o s nuro systolil, electro-

r.lo ch:l..nic '"'J. syn c c;n , ::..n.J t or.lp3 l,atv.ro- l ovl pros.sure nystom. 

~ res su.::• 3 S-;r::;ton _ :.sJ. ___ __ ~ --

voloc:~tie ~ cou ld b0 rwanuPed r iO:t"' O c o::.l niclel"'ecl. Tho n ost 

tul"'O · ~n. cl t l1on :i.lTl0 1' 8od i n J..i q_u id h o1iun . :?ro 1 i r.1inary 

ox.t eJ:.,nal r~1ounting o .:L the trans du cers i mpossible is t h o 

o::;:tPm~~c; ly ·Door o. c o:,_sti c 5.rlpedanco mat ch betrmon liqui d a nd 

solid ~1c l:!..nm .1.nd tho ~11e tl'.l sBJnplo holder. Acoustic i nr'ed-

ancen . · ' f ·- ? - l · ' l n 10 3 ll1 Ul1l"CS o· Gin cr.1 ·- :JOC - a re C. rY; rOXll11H"GO y 0 .:;: 

~ I V 
1 or s olid ~1clj_1)J11 J.nd 1

:. :: 10 for steal. 

Be c'i v. no of tho :L:.-•2-Gilit y of tho quartz cryst o.1s use ( a.:; 

trann du co r n : i t rinD do omo c.l. o.dvi Dab1e to 1113.l~o t hcnn o c-.sily 

a cc esc:Lbl o fo1~ inc:·: oct ion anc replaccm~nt bct rwcn run n. 

3 
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l . l • 1 ' ..0 t' . . ' ' C P 'J..L r:··,l·' " "til .-, ·n r our 0 ··' ·'"' l 'i , . l , .L • ., .... .., .., , l .. .,,.., '"''J"•-- 0 -rl 1.-~ • {.,:JJ • .... •J -- ~<. •• '.1. V .J~ ..I, .J.. .._, .L ---u.l _.) V .. J U \... J. V U IJV'-'.L• e S:his 

·i·rl"''1l ;>·l·. ·•d C O'l (""LlCi·o··-, -'->I" 0 ''1r";l -l-l1 ·• -- •J t...- ·· v v J. .... J u J. u. ;.. L .... '-. ..:; - v _ v 

uould be .:..1t I'OOEl t onpox•.·, turc to avoid t J1o dif:C'c:::."e:Llti a l tllo :i."'-

::ml o::·,; n.n:::;ion. pi"•oblo-~ J. ::-: oncountol' 8cl <.1.t J.ou toi1poro.:curo s. T~1o 

tan1: 'Jll:tch fu.rnisho3 t~:w ~~a n c ondonsod in the so.nplo c l.1:!.n 'oor . 

.. ~ l·_n.co t .~. 'Y't. 1·_- ·.~.-)I"' n.~::J' 1 1.J.'"' 0 _i ,.-:::: ··10.,.,1, ,. l l ..., r l Q!<"~ ·:-.~.~•" ">"1 3 000 ;)"" l. +:~1-l·'"' -.J .. .1.; - ~ v ~ J J. _ . .. .. ... _ J - OJ IJ V -· o J. • J j, U J V - ..;) 

rr:.:.s t2.:~on :J.n t~o u::; ) OP liu:tc. of o :Jo l" .J.tion. .hen ,;_..,o ssiblo, 

~:.. ov1ove1"', VOl"'Y 1iboro.1 s ~~-:C'oty factors uorc a~Y 'liod t o c :,llculn. -

tions :lnvolvin.=; stronct ~l of co··.r;·)ono:acs . Tho fo.ct t h:l..t llo l itu·l 

il1Cl"'O :l. 30 3 Q~:'OUD.d 700 V0!.1.U::le S '\(r.loll GOill[j f rom 8. liquid to i~ 

gas nt roon tcnDoruturo vas in a l arco dc3roe ros~onsibl e for 

rmch of tho ovordosi3n. ~11 of the fittincs an~ tubinG fron 

t h o llo liu:.J t unl;: to t l.1o saf.c t:r v a J.v;;:: shorn.1 i n J?ic. 1 a1"o 

rato ,~ :J. t:; l~_ , OOO to 10, 00 0 p si. Tho s afot "J~ valve is of t ho 

burstinc disc ty 1o Qn~ is dcsicnod to release at 2, 6 00 to 

3 , 000 psi. The v a lve und disc Qre in a direct line uith t h e 

tubo froi..l tho sannlo h oldol"', and tho disc is diro cte ·"_ at t ho 

ceiling rrhoPo it can !1rodnco littl e dr:.m:.1Go. ·· n. th tho :; o s-

1 nnd 3, used to c ar~y eloct ri c Ql siBn~ls throush tho uall 

of C}h ~ -() rOSSUl"'G S JS'tOI:l c'.lld tho 30al .o::..t tho 3~1lplG chamber, 

f 0 l"' 10 ' 0 ~ '1 s i . 

8 



BurstinG of 

r>iso of '1l" ound J.O, OO'. ~;si . ':f.l:i1e so.:.J. ~Y'.s been test ed under 

'l_ })I'O.S suro of l, 200 '; si :1. -'c li '='lUi cl nitro~cn ter.r~erJ.tur-.3 Ydtll 

out o..ny sicn of 2 lo cJ: . 

:Ln unl:no ·:111 :' \.)Ut it hns been subjoct 0d to l _ , 200 ·s i du:eing 

t est of tho ::;ystor,l o.nc1 f; '.w ·,-:o d no si:=;n of f o. iluro. 

cl.1ar,Ibo r. Its ·;os ition ~.n·:1 d i r.u-.1e t ei' :..:re c1ict o.tod by tho 

required coo1~1etry of co.~·~_'l le, c rysto.1 , C\.nd electric a l l e .d t o 

::Joc:-nu.>e of tile lon tom:w r a turos "' nd hiGl1 pres-

sures y;hich tho s on.l rms t ·.-Jithst'ln c~., e,.n r:.nnoG.lod coppOI' 

[; ~l s~::ot is used. _\ section of tho f:SC'.sl:et is sl.1o:;n in ~~~:i.e.> 2 . 

I t i::; cont r'.inecl by tl'lo ridc·J sho':r:.r1 , ::;_nc1 cOl:lpressed hy- 1 .2 

ljJ'• .. ?n r'. ll n·-'1 c-o '"' -'- ..-.~,., ;· •n ....... · t- ,_lJ J ... _ v.L ... .._, ...., v .....J ..... _o .J .. .)• 

2 f Jc·-lb::: torque . 

.. loctro - ~ .ecllanical 

1.1 .• 1110 c .,n+r:-'. 1_ ol __ o;·_,_.er1t of J.'"~ c-o ...,,, .... -t.----, -·..., J- ,,o ")/ .. .., -·L·n c '"' c1 l • .., - - u ...- _ • LI ~ -J..... .... .; ..., -Jl.. _L.:. v ~- .) ! ) • ~ -'--'- ·. ~. ·• 

tl1e sound sourc e e,.nd re ceiver. Tho electrical fo ~turos of 

nne_ its n cce s s orio s o..r'J j_llu:-Jtr 1 t ed in ~'ic . ? . ':2~.10 f .cos of 

t~".e cry otoJ_s i1r-.vo b oon co ntod vdtll ".n ov.'l orated lc..yo:.~ of 

.lv .. lintEl a fo~:J microns t~1icl: to cnr::.~y t he ne cessary oloc 

0 
/ 



tricul sisn~lo . One f~c8 i8 in d i~c ct contact uit~ t~c he-

b::.:'ao s holder ':t~li c r.l n.l so '.ct s :.•.s t~~o electrical Q;round con-

tact. Co..l"' o vnc. to.J:on to ~:uo;) tho cryotul ao nearly parallel 

to tho refl e cting surface as possible since tho sound ' ulsoo 

omi ttod by tho cr·Jstn.l f or•J.l o. ':mll defined boar.1. A s pring 

landed cant " ct holds tho crystal in p lace fror;1 ab ove, and 

also carries tho clectric~l sicnnls. Tho dista.nce frol'J. tho 

c::."'ystal face to tho rofloctins surfo.co is 2. tJ.SO em at room 

to:;1p c raturo, and a -:- ~ ro:::lm ".'c ·:.:; ly ~ .) ;D2 cr.1 at liquid holi111:1 

tonp oro..turo. .:·~ 15 nogo.cyclo puls e fran an ~·\.ronbcrg ~:Iodol 

J?G 650-C F'ulso Oscillator is convoyed to tho crystal by no..y 

of throe fo ot of HG 57 co-a::-:ial cab~e, tho c;l on pluc;, 8. s h ol"'t 

brass rod, 29 inches of 1/16 :r diru'7lotol"' co --a::ial c ab le , o.nd 

tho spring loo..ded contact. Tho rofloctod sic;nal is r c tuPne c1 

to an .'!.Ponborg ./ide Ban.d. .1\.l'~lplifiol"'-~JA-600 . Tho amplified 

sic;nal is fed to o. Tel:tronix: Type L .:.'lug-In Unit \'ihOI'G it 

is am·.Jl ifiod further before boinc; p l"'osont od on a Tel:tronix 

Ty,;e 51~.5~\ Oscilloscope. 

'£ho sa:.-.1:r.;l o ch~nbor is sur:eounded by a conventional dou

ble Dorn:.r systom. l~ Tho inner Dcrrar is se3.lod, and its into-

r:,;.oi' ~:_)l"'Ossurc can bo reduced by pur:1p inc; rrith a model l(D 30 

Kinney Vacutun Ptunp. Tho pressure is controlled by a sensi-
r' 

ti ve c1cnc..nd rcsulo.tor vaJ.ve, ..J a:J.d is r.10 asured with norcury 
), 

and un:lty oil 1~n.nomotor s. -.- Tho prosr.,;ur o is al so used as a. 

tho1"'::10:1eter thPougl.1 tho ::r:'oln.tionship botrroon holiu1:1 vapol"' 

10 



:tr:-,-,J.icl nitr•ogcn serve.._ 

·J.::: o. :1o.':'.t slLi.olcl fop tho hc litun cont.t~_n:Lns innoi' Don::.r . 
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( l~ -i I'" 
J.. .t..L_.J • 

.• L • .~ 

J - j -· _; 

~~J~justed to G:'LVC 0. fc~:r "! Gi heJ.iun lH'OSSUI' e . 

cro::;cn . The C';o. c e betr:con Do·;r;.>.I'G is t!.::!.co i'ille<l ·,-.'ith li :~uid 

r:i;he in:1e1' ~Jc·. r .-.r i o t hen c ~. oared of 

This c c..uoos liqui r~ h olj;un to cm1.dcnoe s lo.·rl_y ln 

t ho E.l [1JT [) lc chamber. Sl ow condensati on io necessa ry s ince 

If a I•oflocte c~ sicna l :Ls re c e ived 

it iDdicat oo that tllo 8fllT ~lo cll~1~lbOl'' is full of liquid ., r_:;1 e 

t i ol1: 

tl:.10 t o: :·Jor.:tture as ''. f-:..lnctio:1. of l:e l :i:,_u-.1 v c.·1o1.., :;)r O:;::;·~_n'o ::to 
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r ctte to! . 01 ° 

to uithin t 5 · :oi. 
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nt the (\ line. 

soJ.j_ d llc lh.1J',l ~1o..vo been 1:ndo. T:.1o ro1 i o.b:i_J_j_t~"' of tho :~:o:1s -

Tho t .io v ·.luos s ho·, ,:l in Pi.:; . 5 sl1ould ~JO crtJ. ite u c cv.PJ.to . T~;_o 

obta i n e d . ~Sevoro.l clot or mi n.).t ions UGI' _:.. m.'J..do a t o ach ~·_! oint 

~izo at oo. c· l ~1oint . Tho trnnsition i s cle a r nnd of suffi -

cient no.cnitudo t o l''Or,lovu any doubts a~j t o its occurrGncc o 

T~l.O otl1or velocit -y deto r~.dn ·-:t ti on i ·· l the soli :::1 is n ot 

quit o It Yio. s a :J. o o t ,.,.l:on ~:.t c onstn.nt 

t uro. bu t o~ly throe p oin ts vo r e obt a ined , tvo of t ben in 

liquld. T:£10 v ol.oGity Yl'1. S !:1oo.suro d t n ice in t ho ~:;oliO. o.t 

tl'lo s:>.: ~:o p ressure, and ·cJ1.e r o vias ~l vo.ri ~.tion of n.bout t h ree 

·)or cent bctrroon t ho values. 

VIaS li1ac:o inU~10diatoJ.y foJ.J o·,;ine <l dGCI'OO.SO in ton:)o r a turo e 
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solic? . . S:h~. s i :J to be o:;:;:-o cted from c ons1c1oro..t:.':.ons of tho 

c r o ~.to r :\.n tornal encrc;y of t ho so2. ~.d . 
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